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Keratinocytes have been isolated from rabbit cornea, 
esophagus, and skin by trypsinization. The freshly iso-
lated cells differed in their morphology, growth char-
acteristics in culture, transglutaminase activity (a 
marker for differentiation), and the composition of gly-
coprotein-derived fucopeptides. A clear relationship has 
been shown between the proportion of low-molecular-
weight fucopeptides and the pattern of keratinization, 
being minimal in cornea and maximal in skin. Compar-
ison with earlier literature suggests that this relation-
ship may be a general feature of epithelial tissue. 
After several passages in culture, all differences be-
tween the three cell types disappeared. The unusual 
elution pattern of the fucopeptides on gel filtration sug-
gests the possibility of a block at an early stage of 
glycoprotein synthesis under culture conditions. 
It is now well established that glycoproteins are involved in 
the interaction between the cell and its environment . One 
reason for this is that glycoprotein molecules serve as cell-
surface receptors for growth factors, hormones, and other me-
diators. This and further possibilities have been reviewed ex-
tensively [1-3]. The role of glycoprotein in epithelial tissues is 
thus of special interest, since both proliferation and differen-
tiation are under homeostatic control. We have recently shown 
that the glycopeptide "profile" (i.e., the degree of branching of 
the carbohydrate component) of cellular glycoprotein differs in 
the proliferative and differentiated compart ments of normal 
human epidermis [4] and that this parameter is grossly dis-
turbed in the lesions of hyperproliferative diseases such as 
psoriasis [5]. 
Here we address t he question of whether such a relationship 
may be a general feature of epithelial tissues. For this purpose 
we have employed the "rabbit model" first described by Doran 
et a! [6]; corneal, esophageal, and cutaneous keratinocytes from 
this animal form epit helia in vivo which are nonkeratinized, 
parakeratinized, and orthokeratinized, respectively, although 
all t hree cell types lose many of their differentiation-specific 
characteristics when cultured. 
MATERIALS AND METHODS 
!solatio n of Cells 
Corneas, esophagus, and skin were removed from freshly killed 
rabbits (New Zealand White) and epithelial ce lls isolated according to 
Dora n eta! [6] with minor modification. 
In brief, specimens of cornea were scraped free of endothelial mate-
rial a nd cut into pieces. The cent ral part of t he esophagus (2 em length) 
was c ut open lengthwi e a nd the epithelium separated mechanically. 
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Spli t-thickness skin samples (about 1 cm2 X 0.1 mm) were cu t from 
the ha irless aspect of t he ear using a Castroviejo kerat.otome. In a ll 
cases ce lls were isolated by tryps inization as described previously [7] , 
the tryps in being inactivated with 20% calf serum prior to mechan ical 
disruption of the t issue using a Vortex mixer. 
Cell Cu.ltu.ring 
Keratinocyte suspensions, prepared accord ing to the procedure de-
scribed above, were pelleted by cent rifugation (100 g, lO min) and 
resuspended in Hepes-buffered Eagle's minimum essential medium 
conta ining 15% fetal calf serum (Sera-Lab, Sanbio, Nistelrode, NL) , 
0.4 lig/ ml hydrocort isone, a nd 50 iig/ ml gentamycin. The cells were 
plated into 25 cm2 flasks (Corni ng, Ritmeester, Utrecht, NL) and grown 
at 37"C. 
Keratinocytes were ha rvested at t he stage of confluent monolayers 
by trypsinization, using 0. 25 % trypsin (Gibco, Breda, NL) for 10 min 
at 37"C foll owed by incubation of t he ce ll suspension with ribonuclease 
(Sigma) and filtration. This preparation was employed either for serial 
subcul tures or for further invest igation as described below. 
Labeling Procedure and Preparation of Glycopeptides 
The labeling procedure a nd the preparation of the glycopeptides 
were as described earlier [5,8]. Briefly, cell suspensions were washed 
by centrifugation and resuspended at a cell concent ration of 2- 4 x 106 
ce lls/ml in 0.5 ml T C 199 medium supplemented with 20% calf serum 
and conta ining 200 U/ml penici llin and 100 lig/ ml streptomycin sulfate. 
[3H]Fucose (10 ,,Ci/ ml) was added a nd the suspension was incubated 
at 37"C. After 22 h, the cells were pelleted by centrifugation a nd washed 
3 t imes with TC 199 medium wi thout serum. The washed cells were 
fina lly extracted 3 times with ice-cold trichloroacetic acid (TCA). The 
T CA- insoluble mate rial was extrac ted wit h chloroform:methanol (2:1 , 
v/v) in order to remove glycolipid. The residue was dried at 60"C and 
digested wit h papa in; this enzyme hydrolyzes peptide bonds in t he 
protein moiety of the glycoprotein but does not affect glycosidic link -
ages. The solubilized mater ia l con ta ined the labeled glycopeptides. 
Gel Filtration 
In general, samples of 0.5 ml (10,000 dpm) of [3H]fucose-labeled 
material were applied to a Sephadex G50 column (dimensions 2.5 x 32 
em) as described earlier [5] . The column had been equilibrated with 
0.2 M pyridine-acetate buffer (pH 5.0) a nd elu t ion was performed with 
the same buffer. The eluent flow rate was 35 ml/ h , and 2.25-ml fractions 
were collected. In a ll experiments ul t raviolet moni to ring was used to 
establish t he posit ion of added marker protein and the breakdown 
products of papain internally present in t he chromatographed sample. 
Fractions were collected directly in minivia ls (mini -6, Baker) a nd 
radioactivity was measured by adding 4 ml scintillation liquid (Aqua-
luma plus, Baker) and coun t ing in an Isocap 300 LSC (Searle Ned BY, 
Uithoorn, NL). 
Transglu.taminase Activity 
This enzyme, which p lays an essential role in t he synt hesis of mature 
keratin (9), was measured to provide a quantitative a nd objective 
para meter for keratin ization in t he various cell types. The assay was 
based on a fluorim etric procedure described previously [10] wi t h mod-
ifications to improve t he sensit ivity. 
In brief, ce lls were lysed in 50 mM Tris buffer (pH 7.5) by sanification 
and cent rifuged to remove debris. The reaction was ini t iated by t he 
addit ion of 25 IL l of t his extract to 25 Ii i of a solu t ion contain ing 50 mM 
Tris, 150 mM NaCI, 2 mM dansyl cadaverine, and 4 mg/ml casein (pH 
7.5). The mix ture was incubated for 1.5 h at 37"C. After cooling in ice, 
50 ttl of carrier protein (10 mg/ml casein in 50 mM Tris, pH 7.5) was 
added, followed by 500 ILl of TCA (10 % w/ v). The precipitate was 
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sedimented, washed twice with 1-m l portions of ethanol -ether (1:1 v/ 
v) and 100 pi of'O .l N NaOH added. After thorough agitation to ensure 
complete solubi li zat ion of the pellet, 600 ;d of wate r was added and the 
fl uorescence determined (>.., = 330, >..,, = 522 nm) . 
H istologic Investigations 
Samples of epithelia l t issue (0.5 em~) were fix ed in 4% formalin 
embedded in pa raffin and sectioned at 10 pm. T he preparations were 
stained with hematoxylin and eos in (1-1 /E). Morphologic control of ce ll 
suspensions was carried out using cytocentr ifuge preparations also 
stained with H/E. 
RESULTS 
Morphology and Growth Characteristics in Culture 
Morphologic characteristics of t he t hree epitheli al t issues are 
shown in Fig la-c, and cytocentrifuge preparations of freshly 
isolated cell s in Fig ld-f. It is seen that keratinocytes from the 
co rnea, although by no means homogeneous, consist exclusively 
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of relatively small, rounded cells (Fig ld) ; in particular t he 
polygonal squames (indicating a rigid cornified matrix) are 
entirely absent. By contrast, t he esophageal preparation (Fig 
l e) consists of well over 50% of t hese latter cells. In the case 
of skin , a few nucleated squames are present (Fig lf); t hese 
presumably originate from the granular layer. Cells represent -
ing t he end product of the orthokeratinization process (i.e., t he 
so-called corneocytes of t he stratum corneum) are not present 
because, at t his stage, t hey are resistant to dissociation by 
proteolytic enzymes such as t rypsin. 
The growth characteristics of the three cell types during the 
first few passages were not identical. In particular early pas-
sages of keratinocytes from the cornea grew rather more slowly, 
averaging 2-3 weeks to confluence compared with about 1 week 
for both esophagus and skin. During subsequent passage, how-
ever, the growt h rate of t he corneal cells increased; a fter the 
5th or 6th passage t hese also averaged 1 week to confluence. 
By this t ime the appearances of the mono layers in cul ture were 
. FIG 1. Morphologic characterization of mate ria l (a) intact cornea; (b) in tact esophagus; (c) intact skin; (d- f) freshly isolated keratinocytes 
from cornea, esophagus, and skin , respective ly; (g- i) monolayer cultures of keratinocytes from cornea, esophagus, and skin after the 6th passage; 
(J- l} t rypsmates from these cultures. a-c, x 250; d- f, x 65; g-i, x 80; j- l, x 65. 
Nov. 1984 
virtually identical (Fig l g-i). Cytocentrifuge preparations of 
trypsinates from late passages were also very similar (Fig lj-
l); it is seen t hat the individual cell types have lost most of 
their original characteristics, and appear as rather homogene-
ous populations of rounded cells with a very high cyto-
plasm :nucleus ratio. 
Transglutaminase Activity 
This was entire ly in accord with t he morpho logic data re-
garding keratinization. Enzyme levels are summarized in Table 
L It is seen that activity was negligible in fresh corneal prepa-
rations, moderate in esophageal cells, and maximal in cuta-
neous keratinocyte suspensions . All preparations from exten-
sively passaged cultures showed similar low values, regardless 
of the tissue of origin . 
Glycopeptide Profiles 
The distributions of glycopeptides according to molecular 
weights (MW) are ill ustrated in Fig 2. For purposes of quanti-
fications, t hese have been divided into 4 regions of decreasing 
MW designated A- D [5]. Fraction D (i.e., very low-MW ma-
te rial) probably represents "incomplete" chains or degradation 
fragments. It shou ld be noted t hat, us ing ["H]fucose labeling, 
radioactivity is not incorporated into glycosaminoglycans and 
hence no fucopeptides can be derived from these. Areas corre-
sponding to each fraction have been evaluated and are listed in 
Table II. 
It is immediately apparent from Fig 2 that t he fucopeptide 
profiles of fresh preparations of keratinocytes from cornea, 
esophagus and sk in are quite distinct. In particular, t he degree 
of keratinization shows a stri king correlation with the MW of 
"complete" fucopept ide chains; t he ratio of low-MW chains 
(fractio n C) to higher-MW fucopeptides (fractions A+ B) rises 
fro m less t ha n uni ty for cornea to nearly 4-fold for sk in . A 
further point of distinction is the remarkably high percentage 
of incomplete or fragmented cha ins (fraction D) found in fresh 
esophageal keratinocytes. 
By contrast, no sign ificant differences were found in the 
glycopeptide distributions of cultured cells from t he 5th passage 
onward. 
DISCUSSION 
Considering first t he data regarding freshly isolated cells, it 
is clear that keratinocytes originating from co rnea, esophagus, 
and skin show major differences in their properties. These 
differences include morphology, growth rate in early stages of 
culture, transglutam inase activi ty, and fucopeptide profile. In 
particular, a clear. answer may be given to our original question: 
the fucopeptide profile correlates well with t he pattern of 
keratinization, more comp lete (ortho- )keratinization being as-
sociated with a relatively higher proportion of low-MW mate-
ria l. 
This conclusion is in striking agreement with earlier obser-
vations by ourselves a nd others. Firstly, differentiated kerati-
nocytes from normal human epidermis contain a higher pro-
portion of low-MW fucopeptides than do cells of the prolifera-
tive compartment [4] . Second, keratinocytes from lesions of 
the hyperproliferative sk in disease, psoriasis, show a striking 
reduction in the proportion of low-MW material [5]. Finally, 
TABLE I. Tran.sglutarninase activity (n.mol dansyl cadauarine 
incorporated into casein per llll:n per l"g protein) 
RC 
RE 
RS 
0.03 ± 0.01 (7) 
0.24 ± 0.01 (7) 
1.03 ± 0.20 (7) 
Cu ltured 
0.07 ± 0.02 (5) 
0.04 ± O.Ql (4) 
0.05 ± 0.03 (5) 
N umbers of specimens a re in pa rentheses. Enzyme activity is given 
± SEM. RC = rabb it cornea; RE = rabbit esophagus; RS = rabbi t skin . 
Cultured cells represent the 6th passage onwards. 
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FIG 2. Distributions of fucosyl glycopeptides accord ing to MW . 
Preparation of the fucopept ides and details of ge l filtrati on are de-
scribed in the text. Figures for cultured cells have been averaged from 
the 25 individual cultures listed in T able ll . Regions A- D represent 
fractio ns of decreas ing MW. 
TABLE II. S ephadex G50 chromatograph of f''Hlfucose-labeled 
glycopeptides 
Cells 11 A+B c D C/ A + B 
RC 10 37.7 ± 5.6 30.5 ± 3.4 31.8 ± 7.6 0.78 ± 0.12 
RE 10 9.1 ± 1.9 19.5 ± 4.1 71.4 ± 5.7 1.92 ± 0.33 
RS 10 14.3 ± 1.5 56.1 ± 3.4 29.6 ± 4.5 3.85 ± 0.30 
CRC 5 18. 1 ± 2.2 55.7 ± 4.0 26.2 ± 3.1 2.94 ± 0.52 
CRE 5 19.1 ± 3.4 61.9 ± 2.7 19.0 ± 2.0 3.13 ± 0.59 
CRS 15 18.3 ± 1.8 59.1 ± 1.1 22.6 ± 2.3 3.23 ± 0.31 
The percentage distribut ion of rad ioactivity into fractions A-C (see 
Fig 2) is given ± SEM. n = Numbers of specimens. RC = rabbit cornea; 
RE = rabbit esop hagus; RS = rabbi t skin; CRC = cultured rabbit 
corneal ce lls; CRE = cult ured rabbit esophageal ce lls; CRS = cultured 
rabbit epidermal cells. All cult ures are from the 6th passage onwards. 
several workers have reported a similar shift (at least in cell 
surface glycoprotein) to accompany malignant transformation 
[12,13] . Thus a relationship between the composition of glyco-
protein oligosaccharides and the pattern of cellular differentia-
t ion would seem to be a general feature of epithelia l tissues. 
Turning to the behavior of cells in culture we may summarize 
our data simply: a ll differences between the three cell types 
disappear by t he 5th or 6th passage. Thus our present experi-
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men ts do not as yet provide a ny direct evide nce to suggest 
Dora n et a l [6] who demonstrated the ex istence of "intrinsic" 
factors governing differentiation in addition to th e more ob-
vious effects of environ me ntal modulation. It is clear from their 
morphologic appearance a nd t hei r transglutaminase levels t hat 
our cul tured cell s must be regarded as nonkeratinizing; it is 
surprising, t herefore, t hat the percentage of fucopeptides in the 
C band is extremely high. Although speculative, one poss ibili ty 
is that t his mate ria l (which elutes cons istently 2-3 fract ions 
ahead of t he fucopept ide peak fro m fresh epiderma l kerat ino-
cytes) is not in fact a norma l metabolic product, but rather 
represents t he abnormal accum ulation of a "core" glycopeptide 
[14]. 
Clearly, further work in this direction is indicated. In addi-
t ion to a more complete characterization of t he carbohydrate 
cha ins, we a re present ly studyin g t he behavior of cul tured cells 
grown as cysts in athymic mice; it is hoped that t hese latter 
experimen ts will t hrow further light on t he question of in t rin sic 
vs extrins ic regulation of differentiation . 
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